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BACKGROUND: African Americans are significantly more likely than whites to have uncontrolled hypertension, contributing to significant disparities in cardiovascular disease and events. OBJECTIVE: The goal of this study was to examine whether there were differences in change in blood pressure (BP) for African American and non-Hispanic white patients in response to a medication management and tailored nurse-delivered telephone behavioral program. PARTICIPANTS: Five hundred and seventy-three patients (284 African American and 289 non-Hispanic white) primary care patients who participated in the Hypertension Intervention Nurse Telemedicine Study (HINTS) clinical trial. INTERVENTIONS: Study arms included: 1) nurseadministered, physician-directed medication management intervention, utilizing a validated clinical decision support system; 2) nurse-administered, behavioral management intervention; 3) combined behavioral management and medication management intervention; and 4) usual care. All interventions were activated based on poorly controlled home BP values. MAIN MEASURES: Post-hoc analysis of change in systolic and diastolic blood pressure. General linear models (PROC MIXED in SAS, version 9.2) were used to estimate predicted means at 6-month, 12-month, and 18-month time points, by intervention arm and race subgroups (separate models for systolic and diastolic blood pressure). KEY RESULTS: Improvement in mean systolic blood pressure post-baseline was greater for African American patients in the combined intervention, compared to African American patients in usual care, at 12 months (6.6 mmHg; 95 % CI: -12.5, -0.7; p=0.03) and at 18 months (9.7 mmHg; -16.0, -3.4; p=0.003). At 18 months, mean diastolic BP was 4.8 mmHg lower (95 % CI: -8.5, -1.0; p=0.01) among African American patients in the combined intervention arm, compared to African American patients in usual care. There were no analogous differences for non-Hispanic white patients. CONCLUSIONS: The combination of home BP monitoring, remote medication management, and telephone tailored behavioral self-management appears to be particularly effective for improving BP among African Americans. The effect was not seen among non-Hispanic white patients.
patients to better understand the impact of interventions among different patient populations.
A recently completed clinical trial examined the impact of telemonitoring of blood pressure, nurse-administered telephone medication management, and telephone tailored behavioral management as possible ways to extend care beyond the clinic. We conducted a post-hoc analysis of trial results from that study to determine whether there were differences in how African American and non-Hispanic white patients responded to this patient-centered intervention.
METHODS
Details of the design and primary results of the Hypertension Intervention Nurse Telemedicine Study (HINTS) have been published previously. [9] [10] [11] The study evaluated three telephone-based interventions through a four-group design: 1) nurse-administered, physician directed medication management intervention, utilizing a validated clinical decision support (CDS) system; 2) nurse-administered, behavioral management intervention; 3) combined behavioral management and medication management intervention; and 4) usual care. Interventions were activated based on home BP measurements collected via telemonitoring.
The trial was approved by the Institutional Review Board of the Durham, NC Veterans Affairs (VA) Medical Center. All subjects provided written informed consent.
Setting and Timing
The intervention was delivered in the primary care clinics of a tertiary care Veterans Affairs Medical Center in Durham, North Carolina. Study recruitment started in May 2006, and the final 18-month follow-up appointment was completed in July 2009.
Patient Eligibility and Randomization
All eligible patients received care through the primary care clinics at the Durham VAMC. To be approached regarding the possibility of participating, patients had to: 1) have a diagnosis of hypertension; 2) be using a BP-lowering medication; and 3) have inadequate BP control (mean of >140/90 mmHg VA clinical blood pressures over the last year). Patients were excluded if they: 1) received dialysis; 2) had a serum creatinine >2.5 or no documentation of renal function; 3) ever had an organ transplant; 4) were hospitalized for stroke, myocardial infarction, or coronary artery revascularization within the previous 3 months; 5) had a diagnosis of metastatic cancer or dementia; 6) did not have a home telephone; 7) resided in a nursing home; 8) received home healthcare; or 9) had severely impaired hearing or speech (due to the need to interact over the phone). As a result of different blood pressure goals, 1 patient randomization was stratified by diabetes status.
Interventions
All patients randomized to one of the three intervention arms were provided a wireless home BP monitor (A&D Medical Digital Blood Pressure, Model UA-767PC) and telemedicine device (Carematix Inc., Model #102), and were advised to take their BP once every other day. Measurements were automatically transmitted to a secure computer server over telephone lines. Both the medication management and behavioral management interventions were initiated in response to an average home BP above pre-specified treatment goals over a 2-week period.
Because home BP measurements average 6-8 SBP/5-6 DBP mmHg lower than values obtained during routine clinic visits, 12 intervention trigger alerts were designed based on a 2-week average home BP of ≥135/85 mmHg for nondiabetics. 13 Concern over the possibility of treatment goals leading to excessively low diastolic BPs for patients with diabetes resulted in basing the trigger alerts on a 2-week home BP average of ≥135/80 mmHg for diabetic patients.
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A safety alert was activated if two consecutive home BP measurements recorded at least 12 hours apart were greater than 175/105 mmHg. In such an instance, a nurse contacted the patient and initiated an approved safety protocol.
Study Arm 1: Home BP Monitoring with Remote Medication Management. In addition to home BP monitoring, patients randomized to this arm received remote medication management, based on algorithmic medication suggestions that were reviewed by a study physician. Medications suggestions were triggered based on home BP values.
Upon triggering the medication management intervention, a nurse notified a study physician, and provided the physician with a medication change recommendation based upon decision-support software. 14 The study physician reviewed the patient's BP, medication, and adherence (based on patient report and prescription refill data) with the nurse and decided whether to change hypertension medication. 15 The nurse communicated recommended changes to the patient, while the study physician electronically prescribed the medication and generated a note in the patient's medical record that was co-signed by the patient's primary care provider. The nurse called the patient 3 weeks after the medication change to obtain reports of adverse effects and address patient questions. A patient's home BP values were reassessed at 6 weeks to determine if a medication change should be triggered again. Patients who maintained adequate BP control did not activate medication management review, but were contacted every 6 months to reinforce their positive behavior.
Study Arm 2: Home BP Monitoring with Behavioral Management Intervention. In addition to home BP monitoring, patients who met the target home BP thresholds described above received a behavioral management intervention, consisting of up to 11 tailored health behavior modules focused on improving hypertension self-management, delivered over the phone by a study nurse. Topics potentially covered included: hypertension knowledge, medication adverse events, memory related to taking medicine, social/medical environment, patient-provider relationship, stress reduction, diet, exercise, weight, smoking, and alcohol. Any difference in the number of encounters delivered was the result of triggering the encounters at different points over the course of the 18-month intervention period when the target home BP thresholds were met. Patients who maintained adequate BP control did not activate the behavioral intervention, but were contacted every 6 months to reinforce their positive behavior.
To ensure that the tailored information was standardized, the nurse used an intervention software application that contained predetermined scripts and patient-specific tailored algorithms for the modules. Each encounter consisted of three or four of the topics listed above, and lasted 10-15 minutes. Individuals in the behavioral only arm did not receive medication management.
Study Arm 3: Combined Intervention. In this arm, patients received the full dose of each intervention [home monitoring+triggered medication management+triggered behavioral intervention]. If triggered based on the home BP measurements, the nurse initially addressed recommended medication adjustments using the established method described above, followed by the tailored behavioral intervention.
Study Arm 4: Usual Care. Patients in all four arms received primary care and management of hypertension according to the discretion of their primary care provider. Usual care patients received no contact with the intervention nurses and did not receive home telemonitoring equipment. There was also no interaction between study staff and primary care providers in relation to usual care patients.
Study Outcome
The present paper examines the intervention group effect upon mean systolic and diastolic BPs at 6, 12 and 18 months of study follow-up. At each measurement point (baseline visit and follow-up visit at 6, 12, and 18 months), a research assistant masked to intervention arms asked patients to rest for 5 minutes before obtaining two BP measures using BpTRU digital BP monitors (Coquitlam, BC, Canada), model BPM-100. 16 
Analyses
The primary goal was to compare the effects of the intervention arms relative to usual care on systolic and diastolic BP within African American and non-Hispanic white patient subgroups over time. For both systolic and diastolic BPs, general linear models (PROC MIXED in SAS, version 9.2) were used to estimate predicted means at 6-month, 12-month, and 18-month time points, by intervention arm and race subgroups. This modeling approach was used to appropriately handle patients with incomplete follow-up data. 17 The outcome variable in these models was the study BP at baseline, 6, 12, and 18 months. The final model parameters included a common intercept for non-Hispanic white patients, a common intercept for African American patients, dummy-coded time, intervention arms interacted with each follow-up time point; each of these terms interacted with race to estimate the differential BP trajectories for African American and non-Hispanic white patients by intervention arm. Estimates and confidence intervals from this model were then used to test for BP differences in the intervention groups relative to usual care at 6, 12, and 18 months within the African American and non-Hispanic white subgroups. An unstructured covariance was included to account for patients' repeated measurements over time.
All patients who provided self-reported race information and randomized to one of the four arms (n=573) were included in the analyses. All eligible patients that were randomized were included in the analysis, and analyzed according to their treatment assignment. All available data from these patients, including those who subsequently discontinued the study, were also used in the general linear models fit with full-likelihood methods.
RESULTS

Patients
The distribution of self-reported race of the 591 study patients included in the original trial analysis was 48.1 % (n=284) African American; 49.1 % (n=289) non-Hispanic white, 1.0 % (n=6) Hispanic, 1.9 % (n=11) other race/ ethnicity, and 0.2 % (n=1) refused. In this context, other race/ethnicity is defined as a self-report of a race/ethnic category other than African America or non-Hispanic white. Because of low numbers, the data for the six Hispanic patients, the 11 patients with race/ethnicity other than African American or non-Hispanic white, and the one participant who refused to provide race/ethnicity information, were excluded from the current analyses.
Among the 573 patients contributing data to this study, 91.8 % were male and the mean age was 63.5 years (SD= 10.3). Fifty-nine percent of participants had their studymeasured BP under control at baseline. Inadequate baseline BP control was defined as an SBP ≥140 mmHg or a DBP ≥90 mmHg for participants without diabetes, and an SBP ≥130 mmHg or a DBP ≥80 mmHg for participants with diabetes. Mean baseline SBP/DBP was 130.5/ 80.3 mmHg among African American and 127.8/ 74.5 mmHg among non-Hispanic white patients. Patient characteristics can be found in Table 1 .
No crossover among study groups occurred. No studyrelated adverse events occurred in any intervention group. Overall, BP measurements were available for 489 (85 %) patients at the 18-month follow-up [248 (87 %) for African American patients; 241 (83 %) for non-Hispanic white patients]. Completion rates of 18-month follow-up were similar across study arms (83 %-90 %).
Intervention Activation
Over the 18-month intervention period, 197 of the 223 (88 %) African American intervention patients triggered an alert for the nurse to conduct an intervention call as a result of poor BP control. One hundred and eighty-six of the 216 (86 %) white intervention patients triggered an alert. There were a total number of 1039 intervention alerts among African American patients and 888 intervention alerts among nonHispanic white patients. The number of intervention alerts by race and study arm can be found in online Appendix 1.
Differences in Mean Blood Pressure
The overall race by time by intervention arm effect (9 df test) provided evidence of differential intervention effects over time for African American and non-Hispanic white patients for both systolic BP ( 2 9 ¼ 56:9; p<0.001) and diastolic BP ( 2 9 ¼ 45:7; p<0.001). Relative to usual care, at 12 months for African American patients, the mean systolic BP was 6.6 mmHg lower (95 % CI: -12.5, -0.7; p= 0.03) in the combined intervention group. However, at 12 months, non-Hispanic white patients in the combined intervention group had BP 1.5 mmHg lower (95 % CI: -7.7, 4.7; p=0.64), compared to usual care. No other differences in systolic BP were statistically significant between arms at 6 or 12 months (Table 2) .
Analogous results are still seen at 18 months. For African American patients at 18 months, the mean systolic BP was -0.3 mmHg lower (95 % CI: -6.7, 6.0; p=0.91) in the behavioral management group, -2.5 mmHg lower (95 % CI: -8.9, 3.9; p=0.45) in the medication management group, and -9.7 mmHg lower (95 % CI: -16.0, -3.4 mmHg; p= 0.003) in the combined intervention group, relative to usual care. However, for non-Hispanic white patients at 18 months , the mean systolic BP was 4.6 mmHg higher (95 % CI: -1.6, 10.9 mmHg; p=0.14) in the behavioral management group, 0.6 mmHg higher (95 % CI: -5.8, 6.9 mmHg; p=0.86) in the medication management group, and 3.1 mmHg higher (95 % CI: -3.5, 9.7 mmHg; p=0.36) in the combined intervention group, relative to usual care. Please see Table 2 and Figures 1 and 2 . 36 ‡ Inadequate income defined as reporting difficulty paying bills no matter what was done or having money to pay the bills only because cut back on things § Self-reported non-adherence was assessed using a four-item measure based on Morisky scale. 37 Response options ranged from strongly agree (1) to strongly disagree (4). A summary binary variable was created by coding those who responded "strongly agree", "agree", "don't know" or "refused" to any of the four questions as nonadherent; otherwise, patients were coded as adherent ‖ Means are for the n=501 VA patients whose prescribed hypertension medication fills, as recorded in the national VA database, overlapped with their baseline interview date ¶ When patients had multiple blood pressure readings during their baseline visit, mean systolic and mean diastolic readings were used as the baseline blood pressure values # Defined as a SBP ≥140 mmHg or a DBP ≥90 mmHg for individuals without diabetes, and SBP ≥130 mmHg or a DBP ≥80 mmHg for individuals with diabetes
The only statistically significant difference in diastolic BP between any intervention group relative to the usual care group was that by 18 months among African American patients, mean diastolic BP was 4.8 mmHg lower (95 % CI: -8.5, -1.0 mmHg; p=0.01) for patients in the combined intervention arm, compared to usual care (see Table 2 ).
DISCUSSION
In a post-hoc analysis, we examined differences by race in the effects of medication management, behavioral selfmanagement support, and a combination of the two interventions delivered by telephone and activated by home BP monitoring, among adults with hypertension treated in VA primary care. The combined intervention was effective among African American patients by 12 and 18 months: however, the intervention was not as effective among nonHispanic white patients.
Differences in the intervention effect observed in the present study are similar to differences seen in a study of home BP monitoring plus behavioral phone calls (without medication management) conducted at two universityaffiliated primary care practices in the same city as the present study. In that study, we observed a stronger intervention effect on BP control for non-white (predominantly African American) patients when testing a combination of home BP monitoring and a nurse-delivered telephone behavioral intervention. 18 The consistency of the two findings occurred despite key differences in the two study populations (e.g., higher proportion female subjects [66 % in previous study], non-VA setting, and differing patterns of baseline hypertension control).
Related results have also been seen among VA patients in a telephone osteoarthritis self-management program delivered using scripted telephone calls and goal setting over the phone. In that study, nonwhite patients reported that they perceived scripted phone calls and educational materials to be more helpful than white patients. 19 These phone calls were delivered in a similar fashion as those in the HINTS study, pointing to a possible difference in the way selfmanagement materials are received by race (not measured for the HINTS study).
The fact that the combination of medication management and tailored behavioral self-management support was effective among African American patients while the individual interventions were not, points to the notion that hypertension, like other illnesses, is a biopsychosocial condition. 8, 20 While there are clear biologic risk factors for uncontrolled hypertension that can be addressed by medication, there are also behavioral factors such as medication adherence, exercise, and diet. [21] [22] [23] These behavioral issues may be impacted by a number of social and cultural factors, such as perception of hypertension risk, interaction with the healthcare system, trust in the healthcare system, and social support. 8, [24] [25] [26] All of these may be further impacted by underlying patient characteristics, such as level of stress, health literacy, and self-efficacy in relation to managing hypertension and treatment side effects. 8, 27 While the exact reason(s) for the differences in intervention impact by race are unclear, there is evidence that African Americans and whites may, as groups, have differences in many of the important biopsychosocial issues described above. For example, there is evidence of different patterns of interaction with the healthcare system, 28 and differences in BP responses to reductions in sodium in the diet. 29, 30 Further, Kressin et al. (2010) found that African Americans have different patterns of beliefs concerning hypertension (e.g. belief that high blood pressure is largely due to an individual's behavior). Accounting for these differences in regression modeling attenuates associations between race and blood pressure. 31 This attenuation indicates that disparities in hypertension may be associated with differences in beliefs about the illness, which can potentially be targeted through disease management inter- ventions. As described in the methods section, the behavioral intervention, which was combined with medication management in the combined arm, covered many of the psychosocial and disease-perception issues that may impact blood pressure control. Further, it has been previously reported, using HINTS data, that patient race was not associated with study physicians' deciding to intensify medication regimens, 15 indicating that results in this paper were not the result of differing medication treatment decisions. The combination of the medication management and addressing psychosocial factors related to hypertension may have impacted different issues among African American and white patients.
Two other possible explanations for the observed differences in intervention impact by race are: improved access to care for under-represented individuals, available in the VA healthcare system; and potential synergistic effect of behavior and medication management.
This study has several potential limitations. Data were limited to only African Americans and non-Hispanic whites seen in primary care clinics at one tertiary care VA Medical Center. Furthermore, our study was not designed to detect treatment differences in patient subgroups; therefore, our ability to provide definitive evidence of a differential treatment response by race was somewhat limited. Finally, the comprehensive nature of the self-management intervention makes it difficult to discern which aspects of our intervention were the most beneficial.
The rate of cardiovascular disease and related events is significantly greater among African Americans than whites, upwards of 30-300 %, depending on the specific condition. 4, [32] [33] [34] While all patients must be treated as individuals, this paper adds to the growing body of literature suggesting that the utilization of patient-centered disease management interventions that address both medical and behavioral aspects of hypertension outside of the traditional healthcare setting may be especially beneficial for African Americans. Such interventions could possibly: be included as components of patient-centered medical homes seeking to improve access to care, enhance chronic illness management, and reduce health disparities. 35 
